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ABSTRACT 



lj\ view cf the rapid change in computer-related 




def inition of computer literacy has continually' changed along with 
changing technological applications in various sectors of society. 
Indicators of the integration of computer-related tools, methods, and 
concepts into the curricula of vocational education programs are 
found in state and local education agencies' policies, curriculum 
guidelines, topics at vocational education conferences, teacher 
training, textbooks, and software developments. Because of the 
current information revolut^wn and the lack of appropriate mechanisms 
for vocational education to anticipate change, the rapid technology 
change makes predictions concerning skills requirements uncertain. 
Views regarding the impact of automation , on emp;Loyment include the 
li/ss-skill perspective, the more-skill perspective, and the view that 
society is in a period of transformation or paradigm shift. 
Vocatioilal education needs to find methods not only to respond to the 
changing workplace but to anticipat,e changes in it. (Appendixes 
include' a study of computer literacy requirements in^ three sample 
occupations and a study of vocational instructors in computer 
specialist occupations.) (VLB) 
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FOREWORD ■ . 

..... 

o 

The Office for Research In High Technology Education at the University 
of Tennessee y Knoxvllle>* Is conducting a 4)rogra!n of v^ork on high technology 
and Its. Implications for education. Funded by the U.S. Department ' of 
Education's Office of Vocational ^nd Adult Education/ the program addresses 
the skill requirements and . social Implications of a technology-oriented 
society. Issues concerning computer literacy and computer applications are a 
focus* of the program. The balapce between the liberal arts and technological 
skills and the complementary roles they play In enabling people to function 
In and derive satisfaction from today's hlgh-technology era are also 
addressed. The program's efforts are targeted at seconda4;;y. schools , two-year 
post-secondary. Itistl tuitions , community coll^ges^ universities , Industrial 
training personnel, an4 other education and training groups. 



The program consists of three^ major components: 



At Home In the Office S.tudy - At Home\In the Office is an experiment "^that has 
placed offi<!e workers And equipment in the workers'* homes to determine (1.) 
what types of of flee wOrk can effectively be done at home and (2) ,the 
advantages and dlsadvant^es of home^ work stations. The Impllcatloas for ^ 
educators/ employers » and employees will be significant , as work at home 
offers a ' possible avenue « of employment for people living in rural areas , 
' parents o^ pre-school children , handicapped individuals and others. 

COWTASK Database ~ (jlOMTASK is"^ model of a computerized task inventory for ' 
high- technology occupations. The outcomes of the COMTASK -sy stem include a 
sampling of task analyses » the demonstration of how these task analyses can 
'be r^^pidly updated^ a manual for conducting task analyses to provide data ^or 
the system^ and a guide to using the system. . ' 

State-of-the-Art Papers - A series of nine papers is being developed to 
address high technology and economic issues that,, are of major concern to 
education's Nine working titles have been selected: 

• The Changing Busine8{,s Environment: Implications for Vocational 

Curricula . «• ^ - * 



• Computer Literacy in Vocational Education: Perspectives and Directions' 

• Computer Software for Vocational Education: Development and Evaluation 

• Educating for the 'Future: The Effects of Some Recent Legislation on 
Secondary Vocational Education 

The Electronic Cottdge , . 

• Hl^h Technology in R^ral Settings 

• (Re)Trainlng Adul'ts for New Office and Business Technologies^ 

• Robots, Jobs, and Education 

• Work in a World of High Technology: Problems and Prospects for 
Disadvantaged Workers 



\ 



f 



* Ab'stract' 

This paper examines four questions: 

l^i What Is computer literacy? ^ 

2. Hqw Important Is coml)Oter literacy In preparing students for the ^ 
workplaces of the : information society? 

3. .What computer-related skills an4 knowledge antf or will be needed? 

4. What needs to be done to make vocational education programs more 
responsive to students* needs for computer llter^cy^ 

' The paper' So findings reflect a central Issue: ,the p'ace of chaiige In 
^ today's information-based society^ and the lack of .appropriate mechanisms 

for vobation^al education to anticipate change ♦ Not" only must vocational 

education programs and institutions adapt and ^ be flexible; in addition^ 
)^studertts must learn the higher level concepts and problem-solving skills ^ 
" they need for continued, learning"^ as Job environments, functions, and*^ ^ 

requirements change. -ji ^ ^ ^ 

\ Traditionally, computer-related skills and knowledge have been taught 
in separate bourses for computer-specialist careers such as data entry \and 
- computer 6perations. Now, computer-related skills and tools must be 
. integrated into all areas of the vocational education 'curriculum, both, to 
' prepare students for the workplace and to improve their product l\^lty as 
they learn. ' ' ^ • 



About thct Authors 

Beverly Hunter, who was primarily responsible for, the material in the 
text and Appendix A, "has, since 1965, ^ conducted and directed .research, 
development, and dissemination activities to advance, the *stAte of the art 
in educational computing, computer literacy, and computer-based instruc- 
tion. She has authored or coauthored numerous books, articles, and 
technicaf reports for government, business, industry, and academic institu- 
tions. Her recent book^ My Students Use Computers ^ is providing curriculum 
guidance to school teachers and administrators throughout the United. 
States. She is also the principal author of Learning Alternatives in the 
U.S> Education; Where Student and Computer Meet . She chaired the recent 
4:a8k Yorce on computer literary— of the U.S. Department of Education's 
Office of Evaluation and Testing, , ' ^ 

Robert Aiken, who contributed the material in Appendix flf, served with 
Beverly Hunter on the computer literacy task force and has been a leader in 
the Association for Computing Machinery as Chairman of its computer science 
education interest group, representative to the Commissibn ort Software 
Issues, and member of the ACM Education Board. He ^is a coauthor of the 
computer literacy texf. Computer Power . .\ • ' 



7 



About' the Editors . , 

, P 
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INTRODUCTION 

♦ * • ■ - 

By '^nowy there is no doubt, that cojnputers and related' technologies have 

hady and ^ill .qont^inue to have, farreaching effects on U.S. and World 

economic and employment patterns. Views in the scholarly literature and 

popular press, differ* about the nature. and extent of these effects. Despite 

a<> rapidly Changing present and an increasingly uncertain future however ^ 

vocational ; educators must provide their students with the opportunity to 

acquire the skills^ knowledge^ and attitudes needed in order to survive and 

thrive in what Is of^en call^^ the "information society." .Because of ,the 

central, higttly .visibly roles 6f computeits and , related technologies in. the 

post-industrial wotld, considerable attention currently is being paid to 

the concept of "computer literacy" In^ preparing students for work Ad 

citizenship. 



Purpose ' 

This paper^s purpose is to help ..educators industry leaders, 'and, 
governme^it officials concerned with vocational education to identify neeils 

and directions for computer literacy in vocational education. The paper 

■ ii 

addresses the following questions: 

• What^ is computer literacy?. . 

• How important id computer literacy in preparing students for the 
workplaces of the information society^ * . 

i 

• What computer-related skills and knowledge are or will be needed? 

• What needs to be done to make vocational edugaiion programs mV)re 
responsive Ib^ students' needs for computer literacy? 



Approach 

Ini tidily » this* study was based on the straightforward assumption that 
computer ^ lit er£^cy needs in vocational ^education could be derived from 
systematic ar\alyses of the %asks performed in the occupations addic^ss^d 
vocational education programs. In the classical approach to /instructional 
systems development, one analyzes the Job tasks, determines the skills and 
knowledge needed, and then translates thes^ skill and knowledge^ 
requirements into instructional objMtives. * 

As planned, ' this studyls methodology entailed the following four 

steps:. . ' 

• Select\ a sample of occupational areas (Secretarial work, 
bookkeeping, and drafting were selected.) 

• Gather ail available job/ task inventories for these aref^s. 

• Extract from these inventories all computer-related tasks; 
then analyze them to determiYie* their computet-related skill 
anU knowledge requirement's. / 

• Compare these, rfequireraents' with existing vocational education 
curricula . in the sample occupational areas, to identify 
aspects of the curricula that need revisibn or imprpvement. ^ 

This methodology -was unsuccessful because available job/task 
inventories ^ in the sample occupational areas do not , reflect 
computer-- related tasks arid computer-based methods known to be prevalent in 
ttjiese occupations. It/ beca^ie apparent that the current procedures 
for developing and disseiminating job/t|ask inventories are inadequate to 
handle the*rapid technological change going on in America's workplaces. 

A revised approach to the study was to take a broader look at the 
impact of technological change on the lf?S. economy and its occupatioifal 
structures, and then to take a more long-jange look at the implications of 



these changes for computer literacy reqi^lrements In vocational education* 
The paper's text Is directed toward this, revised approach, and a summary of 
Its findings and recommendations Is given below* 

The initial approach, although methodologically unsuccessful, proved^ 
useful as a backdrop to the broader overview and derived some valuable 
information and insights* The initial ♦approach and its findings are thus~ 
summarized in Appendix A* In addition, a corollary study was done, of 

^ \ ■ . ' 

vocational instructors in computer specialist occupations (i*e*, in such 

\ 

fields as data entry and computer op^erat ions which fogus on computers, 
rather than simply using them), since historically and at present, much of 
tlie computer-rdlated instruction in vocational education has be^n in these 
occupations** Appendix B summarizes that study* 

f ^ • 

Findings and Reconnendatlons 6 

The most per.vaslve problem vis vis computer literacy and vocational 
education is the pace of technological change^In fRe~wot1cptace — and — the- 
inabillty of traditional vocational education mechanisms and institutions 
to^be proactive with respect to that change* That is, vocational education 
curricula tend to be out-^of-^date because they reflect past workplace 
requirements rather than envisioned future requirements* 

A major reason for this obsolescence is that schools do not budget for 
change in their vocational education curricula* Vocational education 
institutions, both secondary and postsecondary , spe:iJ relatively miniscule 
proportlors of their budgets on program development and Improvement* Of 
their budgets, nearly all goes for maintenance of existing programs. 
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Accordino to a 1979-80 survey, 74 percent of the secondary- level vocational 

• f t •* 

education institutions spent nothing on new programs, and 90 percent spent 
less than 5 percent of their budgets for new sei -ices (Vpcational Education 
Study Publication NffT-87 1981 >. 

The following summary of this report's findings and reconunenda|tions 
all reflect this central issue* 



onal 



Changing definitions of computer literacy. In the U.S. educat 
conununity as a whole, the concept and definition of "coroputer literacy" has 
evolved and changed over the past fifteen years. .These changes reflect 
new computer technologies, the increased availability of computers in 
schools, and new ways in which • computers are used in various endeavors. 
For the foreseeable future, computer litt. racy requirements. will continue to 
change, and. this should be taken into account in curriculum development, 
teacher training, equipment acquisition, and rhe like.< *' 

Differing visions of future skill requirements. Economists^ and 
futurists di s agree in their pre d icti ons about the impacts of automation on 

- ...... , ^ 



the skills needed by workers. Some predict 'an overall lowering of skill 
requirements as a result of automation, while others argue that an 
expanding economy in an increasingly automated work environment will 
require greatly increased levels of education and higher levels of skill 
and knowledge on the part of .the workforce. 

Agreement that computer literacy is one of the major "basics" of 

I 

•ducation. Desp.ite t?hese changing definitions and differl«ng perspectives, 
nearly every recent educational study group and commission has recommended 
that computer literacy be included as one of the "basics"- in a core. 



educational^ cuifriculumi and that increased emphasis be placed on higher 

* * 

level cognitive and social skills in. problem-solving and 
information-handling. 

■ft 

Relative enphasis on emerging ver&us traditional occupations. Current 

c ' . 

vocational education 'literatu^re and the popular press indicate considerable 
interest in and concern about developing vocational programs for "emerging" 
high-technology occupations such as robotics technicians and 
teleconnunications specialists. However » in terms of the numbers of 
students and workers affected^ changes in tb^ more traditioaal occupations^ 
such as secretarial or accounting clerk jobs, are '^far more important. 
Curricula in ttiese basic, traditiojnal vocational areas should b^ 
periodically reassessed for thjftir computer literacy needs. 

MotQ emphasis on higher level skills. With computers taking over more 
and more of the rpte, repetitive tasks on^e performed by clerical and other 
workers, curricula need to place more emphasis on the so-called higher 
level skills such as applying principles and concepts, problem-solving, and 
decisionmaking. For example^ the increasing use of personal computers for 

accounting and bookkeeping in small as 'well as large organizations suggests 

I" . 

that students shtruld learn accounting and bookkeeping principles, methods, 
and procedures using these computer*-* based toals. Since the computer 
programs perform the time-consuming and repetitive chores^ of calculation 
and data-posting, students can spend proportionately more time focusing on 
principles and on analytical and decisionmaking functionp. 

•^Lean^ing to learn. ^New information-handling equipment and methods 
wilL continue to be introduced in workplaces., Students need to develop 



confidence in their abilities to l^arn new concepts and use new tools and 
tecKftiques. For eJcample, secretaries witK word-processing skills need ^to 

be able to learn tp use coroputer-based work stations that combine 

• , •' •«* ' 

word-processing functions with cjonmunl cation and data-^processing functions. 

f .. ■ 

Productivity tools for learnersii A proficient use of computer-based 
tools (e.g./ computerTalded drafting and design tools) depends upon many of 
the skills and concepts taught tn conventional courses. However, it is 
Uikely** t\y^t students could learn these prerequisites more eff icient).y and 
effectively with J:he aid of computer-based tools such as database managers, 
word-processors, graphing tools^ and so forth* 

Adequacy of the existing software . baae. The wide variety of 
application software packages currently available for use with personal 
computers — e.g., word processors, database managers, graphics, electronic^ 
spreadsheets, and accounting /packages — provide valuable sources of 
learning materials- for such vocational education courses as typing, office 
methods, bdokkee ping and/ accounting, drafting, business mathematics, and 
many othera. The lack of appropriate software is no longer an obstacle to 
integrating computer literacy into vocational education cui;ricula. p* 

The need for current jtfb/taak infonution. One of^ the most serious 
problems confronting vocational educators is a lack of systematic and 
comprehensive information on the computer-related taska that will soon be 
performed ,by workers in increasi^ngly automated offices, farms, and 
factories. As^4ientioned earlier, the methods and procedures used to 
develop and disseminate Job/task inventories are inadequate to keiep up with 
the pace of change. <^ Lacking a systematic and accurate basis for 

• » 

, 6 ' 
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reassessing curricula, ° vocational educators run the risk of investing 
important amounts of .time 'ah^ money in developing curricula and operating 
programs whidh teach obsolete or low-priority skAlls and knowledge. 

The need for a focus on cognitive skills and knowledge in lob/ task' 
information. The current approaches to analyzing and cataloging job tasks 
are. completely behavioral (e.g.y "manipulate keys, levers, and switches"). 
To gain more Insight into the computer-related skills and knowledge needed 
in many job situations, job/task analyses should focus more on the 
cognitive aspects of tasks, such as problem-solving, deci^ionifiaking;' and 
troubleshooting. 



VHAT IS COMPUTER LITERAgY? 

In view of the rapid change in computer-related technologies and their 
'societal applications, one would expect diverse opinions among educators 

r-, 

about the need for computer literacy in schools and the iest methods of 
attaining it* -In addition, the particular skills, knowledge, attitudes, 

and understanding which define "computer literacy" have continually changed 

• «. . «j • . . # ^ 

along with changing technological applications in various sectors of 
society* o „ 

' However, although there havie alwaVs been diverse Wlews about the 
appropriate definition and scope of "computer literacy," the » predominant 
opinion has tended tp progress In three overlapping stages. In general, 

. ■ - ■ ■ 

definitions of computer literacy have moved from ^ . 

• knov/tng about computers » to ^ 

• using computers In various disciplines, to 

• reassessing the fundamentals in basic disciplines as a result 
of the impact of computers on the methods and content of the 
disciplines themselves* 



Views in the 19708 

* • ■ ■ 

During the 19708, there were' several major national and regional study 

groups who addressed computer literacy requirements In K-12 education. 

• » " . " 

Vocational education was not often addressed In these studies, and It 
appears that vocational educators were not actively Involved In such study 

groups. ' . 

In 1972, the Conference Board of Mathematical Sciences Committee on 
School Education prepared their Recommendations Regarding Computers In High 



School Education* They recoimnended 



• • . the preparation of a junior high school course 
In "computer literacy" designed to provide students 
with enough Information about the nature of a computer 
so that they can understand the roles w\jlch computers 
play In our society.' - 

• • • Introduction to computing, as a follow-up to 
the computer literacy course. \ 

, . • integrate ' computing into high school 
mathematics courses and . .^in the early study of 
courdes outside mathematics'* 

» 

„• . . a majar effort altfed at making vocational 
computer training more generally availafeile and at the 
same time impt'ovlng the quality of such training, 
(pp. 1-2) ' > 

1 Also in the early 1970s, the Human Resources Research Organization 
undertook a study funded by the National Science Foundation to examine 
national models and strategies for developing and disseminating^ 
computer-related curricular iflaterials (Hunter, Kastner, Rubin, & Seidel, 

1975). Among this study's conclusions was the following: . 

* ■ ' ■ 

Computing literacy. . Assuming continued growth of 
computing in society in general, and continually 
increasing influence of computer-based systems ^ and 
methods in most scientific, business and technological 
jobs, then a need seems obvious to enable citizens to 
gain 'knowledge of computer systems. Insofar as 
educational curricula are intended to provide students 
with job-relevant skills, then curricular materials and 
learning objectives relevant to these skills would be 
in demand as pAtt of the curriculum at all levels of 
education. 

If the trend toward increased dependence on 
computing systems in society is assumed to continue, 
one can foresee the time in a ^decade or two when 
computing literacy would bte as universally required as 
the ability to read and write, (p. 320) 

In 1977, with support fr^ra the National Science Foundation, the 

Minnesota Educational Computing Consortium developed a set of objectives 

for universal computer literacy. The objectives were targeted at 
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junior-high-school students and emphasized knowledge about computers and 
the'ir impacts on society as well as skills in using coopaters (Johnson, 
Anderson, Hansen, & Klassen, 1978). These objectives" were widely used in 
school 'districts thr6ughout the country to define their computer literacy 
curricula. 

A similar but much broader ^:,and more comprehensive set of computer 

** _ 

literacy objectives was develo,ped in the late 1970s by the Oregon districts 
of Clackamasit^ Multnomah, and Washington (Oregon Tri^county Goal Development 
Project, 1979). This set of over 500 course goals in computer education 
remains unique, among such studies in its strpng emphasis on the cognitive 
processes of inquiry and problem-solving. Its sensitivity to the effects 
of computers on society and values is probably "even more relevant today 
than it was in 1979. ' , 

» . -I 

Developaents in the 1980s 

The advent of low-cost microcomputers in the late 1970s spurred » among 
parents, teachers, and students, a surge of interest in computer meracy* 
Government agencies increasingly were pressed to support a variety of 
projects, programs, and policies related to educational computing and 
computer literacy. By 1980 there were diverse Interest groups with 

emphatic ajfti often competing demands about computer literacy. 

y ' "J . ' . - 

In December, * 1990, a Select group representing a spectrum of 

constituenciea in education and computing te search was. convened in Reston, 

Virginia, to address the topic "National Computer Literacy Goals for 1985** 

(Seidel, Anderson, & Hunter, 1982) « The main purpose of this effort, 

• 10 • 



sponsored by the National Science FounfdatioT]t, was to air opposing views on 
computer literacy and to move toward greater consensus on national needs 
and goals. ' the range of views on what, exactly, computer literacy is was 
testimony that different people, depending on their interests and societal 
roles, need different computer skills and knowledge. Nevertheless, there 
was consensus that, among other things^ **a computers-literate workforce Is 
necessary to maintain our national defense and to Improve our national 
prgduca^ivity." r ^ . 

Integrating computer Mteracy into regular "curricula. When the 
advent of low^cost microcomputers made computers accessible ^o many more 
students in school, it'' became feasible to begin integrating 
computer-related skills and knowledge into' the regular curricula. Although 
most schpol districts were still teaching about comi)uters in their computer 
literacy courses, newer definitions of computer literacy emphasized the uae 
of computers as Intellectual tools for the learner. « i . 

In 1982, the Human Resoutces Research 0rganl2.^tion , in conjjunctlon 
with national experts on educational computing and classroom teachers^ 

^ 

developed a sequence of universal computer literacy objectives, or strands 

of sklH and knowledge domains, which were to be Integrated Into the 

^ . ■ . * 

regular math, science, social studies, and language arts curriculum 

(Hunter, 1983). These were as follows: . ' . 

% Using and developing procedures . This strand emphasized 
procedural thinking ^s fundamental to both understanding and 
using computers. 

• Using computer programs . In this strand, using a variety of 
computer programs was seen as prerequisite to understanding 
how computers can be applied to different kinds of tasks, and 

t- . , «» ■ 

\ • ■ 

\ 

" ■ • ""^^ 11 ' . 

2L 



what computers'* capabllltj^es^ and llmitatlone are in doing ^* 
those tasks. ^ 

Fundamental concepts about computers . Thi$ strand was limited 
to a, handful of very basic concepts » such as the idea of a 
« stored program. ' . 

• Computer applications . This strand emphasized the 
understanding of computer-based systems, including ihe 
interaction of people, machines , data, and procedures In 
performing tasks. 

• Impact of computers ^ on society . This strand emphasized 
relationships among people and between individuals and 
society, and the effect of computer-based 8y3tems and related 
technologists on these relatiofiships. 

• Writing computer programs . This strand emphasized the 
systematic problem**8olving processes Involved in developing 
and writing computer progi^ams for particular tasks. 

The above objectives , were similar to those of many other computer 

literacy curricula. However, they were a new departure in that they showed 

how to develop and apply computer skills in the context of all curriculum 

areas, rather than teaching' these skills as a separate course. ^ 

The National Center for Educational Statistics sponsored a study of 

It 

computer literacy conducted, by Educational Testing Service, Human Resources 

^y ' . \ ^ 

Research) Organization, and. Instructional pompqting. Inc. (Lockheed^ 
Hunter, & Anderson, 1984). The study group provided a consensus definition 

of computer literapy, a conceptual structure, and a pool of survey 

* ■ ' 

questions Co be used in assessing the state of computer literacy in U.S. 
elementary, junior high, and high 8<^hool8. The definition agreed upon is 
as follows: 

Computer literacy may be defined as whatever a person 
needs to -i(now and do with computers in order to 
^ function competently in our information-based society. 

Computer literacy includes three kinds of 
competence: skills, knowledge, and understanding. It 
includes: 
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the ability to use and instruct computers to aid in 
learning^ solving problems^ and managing 
information; 

2. knowledge of functions, applications, capabilities, 
limitations, and social implications of computers 
and related technology; and 

3. understanding needed to learn and ^valuat^e new 
applications and social issues as they arise. (p» 8) 

The pool of about 400 questions developed in this study represents a 

further advance «^in the concept of integration of computer literacy into the 

schools, because the/<iuestions attempt to identify myriad ways in which 

computer-related skills are learned,^ taught, and applied in all subject . 

areas and in school and school district administration.' 

7Th6 idea that computers are ^tiof just objects of study but, more • 

importantly, are useful tools for the learner was 'carri6d' further .by the 

National Assessment of Education Progress (NAEP) ^in preparing for "^its 

■<0 ■ , . . ■' " ' . 

198-5-86 assessment " of '-educational progress. \ NAEP prepared a series of 

**computer competence objectives'** for students at ages 9, 13, atid 17* The 

objectives are in three major categories — computer science, knowledge . and . 

attitudes about computers, an^ cbmputer applications • In particular, the^ 

computer applications category stresses the **computer as useful tool** 

0 ■ ' - _' 

concept: It emphasizes students* abilities to use computers to Improve 
the students' information-handling and problem-solving abilities in the 
context of various subject areas. For example, word processing would be 
a meand to help students improve their abilities to express ideas clearly 
and concisely in written form, and computer graphics would be a. means to 
help students analyze and communicate the results of science lab 
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experiments or business data procesing (NAEP, 1984). 

The National Science Board , (NSB) Commission on Precollege Education in 

Mathematics, Science and Technology, in its report Intitled Educating 

Amer'icaos for the 21st Century (1983) , recommended . a. list of computer 

competencies for all students. Among these vere:' - o 

ExperJ.ence ' in using the computer as a tool, which 

should include experiences in tlie use of standard 

applications software such as word processing systems" 

and filing systems. ^ . . 

Ability to use a computer language to do \ 
problem-solving tasks in the context of^ normal academic. / 
experiences . • 

General understanding of the problems and issues 
- *.c.onf ronting both individuals and society as a whole in 

•the use of computers, including *the social and economic 
effects of computers, the history and development of * . 
computing, and the ethics involved in, computer 
automation. tp» 100) 

.The National Commission on Excellence in Education in- its report, A 
Nation at Risk (1983), recommended that all students seeking a high -school 
diploma should be required to j/ke a core curriculum of the "Five New 
Basics" — English, mabhematics, science, social studies, and at least a 
half year of computer' science. They recommended that students be able to 
use the computer in the study of the other four basics" and for personal and 
work-related purposes (p. 26). 

ItMSSttSSing traditional curricula. More recently, study groups and 
professional V societies have been going beyond the idea that all students 
should know about computers and be able to use them effectively for 
learning and. working. These groups and societies are now focusing on a 
more in-depth analysis of the l^li cations of computer-related technologies 
(o% information-handling and problem-solving methods within various school 
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subjects. 

In conjunction with the NSB Commission's working groups, the 
Conference Board of " the '-r^theraatlcal Sciences produced a working .paper 
entitled The Ma^ematical Sciences Currlculjm K-12: What. Is Still 
Fundamental and What Is Not (1983), this 6roup argued that 
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^ The widespread availability of calculators and 
computers and the increasing reliance of our economy on 
information processing and 'transfer are significantly 
changing' the ways in which mathematics is used in our 
society. To meet these changes we must alter the K-IZ 

t curriculum by increasing emphases on topics .whi<:h are 
fundamental for these'new modes of thought, (p. 1) 

Th^ir recommendations included the following: 

• That substantially more emphasis be placed on the development 
of sklirs in mental arithmetic, estimation, and approximati-'^ , 
and thaf substantially less be pj.aced on paper and pencil 
execution of the arithmetic operations. ^ 

• That direct experience .with the collection and analysis of 
data be built into the curriculum, to ensure thdt every 
student becomes familiar with these important processes, 

• That the content, emphases, and approaches ^of courses in 
algebra, geometry, precalculus, and trigonometry 'be reexamined 
in light of new computer technologies. 

• l^hat. research be done on the math skill needs of students who 
'seek vocational employment. 

• That changes in secondary programs be carefully 'orchestrated 
with the expectations of colleges and employers. ' 

• That strong national leadership and cooperation be provided by 
teachers, mathematicians, a^d public policymakers to meet the 
challengers. , \ 

In science, the NSB report includes the following recommendations: 

The required curriculum up to and including the 
10th grade should use what is now available and develop 

I 
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fiirther majierial that will: 

demonstrate the relevaitce of science and' 
technology toraany important aspects of the students', 

lives and their community; 

It ♦ - 

^ develop the higher cognitive strategies of problem 
solving and decisipn making. These process skill:; are 
a,s basic to our needs as thos^ of computation and 
comrounicatlon,.^ ^ 



be structured around the interaction of science 
and technology with the whole society* Examples: 
smolse detectors and radioactivity; acid rain effects; 
energy conservation • - " ■ " * \ 

The Carnegie, Foundation for the Advancement of Teaching, in ittf report 

entitled High School; A Repoyt on Secondary Education^ In America 

(Boyer^, 1983), provides a somewhat different perspective on computer 

literacy. This report says ^ ' * . . 

The' great urgency is. jsei ._!*^plputer literacy" but 
"technology literacy," the need Tor students to ^ee how 
society is being reshaped by opr Inventions, just as / 
tools of earlier eras changed the ^course of history. 
' * The challenge is not * learning how-to use. the latest . 

piece of »hardware but asking when and why it should-.be ^ 
used. . .V . It is increasingly -important for all 
students to explore the critical role technology^ has ^ 
playeyd throughout history and develop the capacl.6y to ,^ ' ■ 
naki responsible Judgments about its use. (p. lU) *" 

■' • * 

$uMary — -^An Bvolvi^ Definition of Computer Literacy 

' We have tried to mak^ clear that the perceived needs, requirements, 
and definitions of computer literacy have ibeen and continue .to be 
evolving. There is no reason to think that this situatlo^j will stabilize 
in the foreseeable future. We have seen' a gradual shift from a focus on 
computers as objects of study, to computers as tools in the traditional 
curriculum, to reassessment of the curriculum Uself. As more and more 
people become computer users in morfe and more diverse settings, attempts to 
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make static, universal definitions of computer literacy will become less 

and less viable* However, for ^liis paper *s purposes, we offer the 

f ollpwing working definition: 

Computer literacy may ' be defined as the ability to 
use computers and associated information technologies 
in ways which enhance one's productivity, creativity, 
and ability to solve problems and communicate 
effectively with others. * 
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THE STATUS OF COMPUTER LITERACY IN VOCATIOHAL EDUCATION 

If one defines computer literacy functionally — i.e., "whatever, a 
person needs to do^ with computers in order to function effectively in a 
particular role" — then one would expect to see the integration of 
computer-related tools, roethpds, and concepts into the curricula of nearly 
every vocational education 'program. Evidence of this integration^ would be 
reflected in some of the following ways: 

• Job and task inventories for office and industrial occupa'tions 
would reflect the computer-related tasks performed and skills 
and knowledge 'required in those occupations. 

• Curriculum guidelines published by state and regional 
education agencies f or ' these occupationaa' programs would 
reflect computer-related skills and knowledge; : 

• Vocational education conferences would have s.essions and 
papers on the integration of computer-related skills into 
vocational education courses. - \ ' \ 

• Secondary schools would be sponsoring or conducting in-service 
workshops foi: vocational education teacher^, to increase thein 
computer-related skills. 

" . > . 

• Teacher-training institutions would be preparing new 
vocational education teachers to incori^orate in their 
instructional programs computer-based tools, methods, artd 
media. ' . 

I 

• Textbooks and other learning materials used in vocational *' 
° education would' incorporate computer-based methods and 

matarials. . " - 

• Software and education^' publishers, seeing a market in 
» vocational education for software designed for vocational 

education curricula, would be offering 'computer, programs to ^ 
fit into the various curri-culum areas. 

As noted previously, a sampling '^f the first indicator — Job/ta^ 
inventories ~ is discussed in Appendix A. - While , a full survey of the 
other indieators Is beyond thla paper's scope, a brief, review is given 
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State and Local Education Agencies 

I* 

According to an October, 1984, survey of state education agencies, 20 
states had passed laws requiring or recommending some form of computer 
literacy Instruction In their K-12" schools (Barbour et ai., 1984). The 
t4rendf toward state-mandated computer literacy continues', although states 
differ widely in implementing their mandates • 

Texas, for example, requires that all middle-school students take a 

half-year course that covers the history, terminology, applications, and 

social and ethical Implications of the computer along wltti some 

introductory programming. On the other hand, Wisconsin's 1983-84 working 

draft Guidelines for Instructional Computer Use in Education (1983) Instead 

emphasizes integrating computer-related skills and knowledge into 

traditional courses: 

Knowledge of the computer is basic to an understanding 
of the full range of procedures that may be applied to . 
organizing information and solving problems in fields 
as diverse as mathematics, science, social sciences, 
business. Industry, language and the arts. Integrating 
computers into the school curriculum can expand 
educational opportunities for all students. * • . . 
Curricula should be designed to take full advantage of 
the multidlsciplinary potential of the computer, (p. 1) 

c 

Thus, many state education agencies are formulating policies regarding 
computer literacy curricula. However, few of these directives relate 
specifically to vocational education. An exception is California. 

The California State Department of Education Office of Vocational 
Education (Honlg, Thompson, & Del Buono, 1983) has published a draft 
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Computer Literacy Guide for Business Education that ajfildresses three levels 



of computer literacy: awareness^ operations^ and^ competence. At the 

''awareness** levels the Guide Specifies objectives such as the following; 

Given an assignment to describe the various ways In' 
which source data are converted to machine readable 
•medium [sic]/ the student will descrl'be the 
characteristics and features of the following as they 
are used In the Input phase of automated Information 
handling and indicate at least one business application 
where each input medium Is commonly used: direct 
keyboard entry; mark sense card; ' magnetic tape; 
magnetic disk; optlcar character recognition; magnetic 
ink character recognition; electronic data 
transmission; bar code; electronic wand; voice , input;' < \ 
punched card, (p* 5) 

At the ^^operational" levels the Guide suggests objectives such as the 

following: 

Given a microcomputer or terminal with which the 
student is familiar^ a data base management program^ 
and appropriate reference manuals^ the student will 
loady initialize » and execute a sample program 
furnished by the program supplier, (p. 11) 

At the ''competence" level » the Guide suggests objectives such as the 

following: 

Given a microcomputer or terminal with which the 
student is familiar^ an electronic spreadsheet program^ 
and approprlace reference manuals^ the student will 
demonstrate the ability to apply the program to a 
typical task such as a balance sheets a breakeven ^ 
analysis^, etc. (p. 13) 

The California competence objectives Illustrate the idea that students 
need to learn not Just rote procedures but how to apply computer-based 
tools to their Job tasks. 

Kapp and Knickerbocker (1983) surveyed state vocational education 
directors to determine whether microcomputers were being purchased for 
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vocational education > how the computers were being u6ed, and the percentage 
of teachers using microcomputers. At that time , 35 of the states and 
territories had bought microcomputers with vocational funds^ Forty-two 
percent of junior high and high schools had purchased more than 50 
microcomputers, although it is unclear whether all of these vere for 
vocational education. The use most frequently mentioned (96 percent of the 
respondents) was word processing. Seventy-eight percent of the respondents 
said that fewer than 50 percent of their teachers were using 
microcomputers. , - 

GurriculuB Guidelines 

A few recent local and regional curriculum guidelines for office, 
drafting, and accounting occupational areas were reviewed fqr this paper 
(e.g.. Bush et al., 1981). Although many of the vocational programs did 

'i 

include computer-related competencies or topics, these were usually not 
integrated into the regular curricula, but rather *'ere tacked on as 
separate courses in computers or information processlue. It must, be 
emphasized, however, that the present paper's resources precluded a 
systematic evaluation of all published curriculum guides. 

/ 

Conferences 

It appears that computer literacy is a quite recent topic at 
vocational education conferences. In 1982, the "First Annual 
Microcomputers in Vocational Education Conference" was held in Madison, 
Wisconsin (Rodenstein & Lambert, 1982). A collection of papers addressing 
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a wide range of topics was distributed In handbook form at this 
conference. Some of the papers reflect a reevaluatlon of vocational 
education courses In light of the new accessibility of computer-abased 
tools . Bawd~^'on~avald^bie~i^^rm»t^^ i t -4oes - not-* appeat^ that- 

vocational educators have been participating in anywhere near the number of 
local, regional,- and national computer literacy conferences thdt their 
academic education counterparts have. 

Teacher Training * . 

The 1983 Kapp & Knickerbocker study cited earlier found that nearly 
every state or territory had made an effort to provide some information on 
microcomputers to its vocational educators. The information sessions 
lasted from one^half hour to 60 hours and were held on the locdl, district, 
regional, and state levels. - - 

An example of state-supported teacher training is the, work of the 
Vocational Education Services (VES) at Indiana University. VES conducted a 
series of two-*day microcomputer workshops last summer and fall for 
vocational educators and administrators, and it received a 14-month grant 
from Indiana to become a computer literacy training center for teachers in 
six counties of the state. 

Textbooka . 

A systematic analysis of current textbooks used in vocational 
curricula is beyond thla study's scope. One popular wdrd-processing 
textbook is Word/Information Processing Concepts > by Bergerud and 
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Gonzalez (1981). The text takes a systems approach to office automation^' 
teaching concepts as well as analytic me^thods. It addressesf the process of 

change in offices and teaches how to manage all aspects of change > If such — 

a textbook was used together with hands-on experience with a variety of 
office automation equipment^ procedures^ and tasks, it seems tljat the 
resulting course would give the student a solid understanding of office 
information processing. The concepts and facts included in ' the textbook 
embody an excellent example of computer literacy as defined In' this paper. 

Software Developttents 

Over the past four or five years, educational and software publishers 
have been investing heavily in developing and marketing educational 
software, but untjll recently^ very few of these software programs have been' 
for specifically vocational education curricula. For example, it appears 
that there is no published typing curriculum textbook that uses word 
<^ processors (although duch a textbook will certainly appear shortly). . 

tn 1982, the Curriculum Publications Clearinghouse at Western Illinois 
University sought to catalogue the available industrial education * 
applications software. They found about 20 programs. In contrast » there 
are thousands of offeringsi for education. At the college level, there 

i ... 

is, for example^ Southwestern** s **Computer-Oriented Accounting** course^^ 
which has been published for many years. . 

There are a few coraput^er=^a*4ed design (CAD) software offerings 
intended for secondary-school industrial arts curricula. For the most 
part, however, vocational educators are trying at present to adapt software 

or 
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designed for business and industry* 

Id sum, it appears th^t educational publishers have not seen 
vocational education as a ready market for specially designed software or 
courseware. Of course, this will change as the market becomes more 
apparent • 
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COMPUTER LITERACY NEEDS IN TOMORROW'S WORKPLACE 

■^"■■^ . ^ :\ . • ■ . 

Lacking a clear vision of tomorrow's workplaces » educators and their 

students could well waste billions of dollars and person-years in . 

counterproductive effbrt;.s to acquire Irrelevant or low-priority skills and ^ 

knowledge. Nearly everyone^ agrees , that we are in the midst of an 

information revolution that is changing the^ nature of the U.S. and world ^ 

• ■ ' , 
economies. Computer and conmujni cat ions technologies are central driving 

forcesc in this revoltition^ which is still in its early stages. It is 

impossible to predict, with certainty what occupational structures will 

prevail in twenty or thirty years» jnuch less what the specific skill and 

knowledge .requirements of those occupations will be. 

Yet the rationale for Striving for "computer literacy/' especially in 

vocational education^ is ^to prepare 'young people . for ^'Work in the 

informatlon-rich» highly computerised offkces» homes^ farms/ and factories 

k * ■ ■• • . ■ 

of the future. Thus» computer literacy is ^ very Mgh-risk educational 
.venture. high-risk both because^of its uncertain payoffs, in terms, of 

its relevance to tomorrow's Jobs and because of the high costs of acquiring 
computer equipment and providing the teacher training programs needed foV 

, * V 0 

•adequate computer literacy curricula. ' 



The DileMa of Technological Change 

Productive members of society will increasingly be 
expected to. modify » upgrade and update their knowledge 
and skills in response to pace f technological change 
at least as rapid as occurred during the great 
industrialization of' America a century ago • . .Given 
the uncertainty regarding the skill requirements of the 
economy^^it is essential that the education of America's 
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young people is designed to enhance their abilities to 
adapt as necessary to these changing requirements. 
(Education for Tomorrow's Jobs/ 1983) 

In the pasty new computers-related programs of study typically have 
been oriented toward the technology of the preceding computer generation. 
In the early 1970s, compuirer*^related curricula were oriented t(fward 
.batch-processing and keypunching, while the new technology was moving 
toward interactive timesharing systems. In the mid-1970s, when 
microcomputers were appearing on the market, educational progran\^ were 
being upgraded to reflect the^dvent of timesharing. In the late 1970s and 
early 1980s, when the availability of general-purpose applications programs 
was rendering programming skills obsolete' for most computer users, 
thousands of schools began instituting courses to teach all students 
programming on microcomputers. Now, when technological advances are being 
made which will render raaiiy data-^entry-specialist jobs obsolete, many 
schools are instituting training in data entry. And now, when 
computer-based work stations in business offices are integrating word 
processing, data processing, and communications functions, many schools are 
instituting training for word-processing-specialist jobs on dedicated 
vord-processing machines. 

How seribus a problem is this rapid technology change for teachers and 
students in vocational education? The answer depends entirely on the 
courses* goals and ot^jectlves. If the students ate acquiring fundamental 
concepts and skills in Infoimation-handling and problem-solving, then the 

r 

characteristics and limit a ti on s of the particular machines and methods are 

V 
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more or less, incidental. If, on the other hand , students are merely being 
trained to operate a particular device or program, then the consequences of ^ 
using obsolete or near-obsolete equipment are very serious* 

For the foreseeable future, cl)anging technology will be a fact of life 

9 

in all workplaces. Learning ,to use new machines and new kinds of machines 
will be a part of every job. Even more significantly, learning new ways of 
organizing and managing information will/ be a con|:inulng process for 
everyone. 

Consider, example, the hypothetical career of a woman who has been 
a secretary for che past five years^ She may have begun performing a wide 
variety of tasks for her employer, including typing on a typewriter • Then 

the organization set up a centralized word-processing cente]r, and shA was 

• • • . 

transferred there, to speeialize In operating a new dedicated word 
processor. After a year, the' company reorganized- and she transferred to 

4 

another division where there was a different kind of word processor that 

conBunicated with an office data-processing machine. Now the company has 

acquired general-purpose personal computers, and she is learning to use not 

only a word-processing prbgraip for the personal computer but also an 

electronic spreadsheet, a database management program, and communications 

programs. She is setting up procedures for transferring data from the 

•spreadsheet to the word-processing program and is organizing the disk-file 

« 

library for her group. 

Viewed in the context of this fairly typical career path, it appears 
that the particular equipment used in the secretary's vocational education 
program would make little difference. What could make a difference, 



however^ are the fundamental skills » knowledge, and attitudes related to 
learning new methods of handlings Information , developing procedures , 
-learning haw to l^arn about new machines, and collaborating with co-workers 
in problem^ solving situations. All of these would affect her ability to 
sfuJLly and productively to new Job requirements. 
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The Uncertaiii lapact of Automation on Eaployvent 

'There is a broad range of views in the scholarly literature and 
pdpular press about how and to what extent computer-based automation will 
affect. U.S. economic and employment « patterns. One extreme claims that the 
future will require! a much less skilled workf orce; ^ the other, that the 

future required a far more highly skilled workforce. 

* , ■ ' ^ %' * 

The lesa-skill perspectlye. One scenario of technology's impact on 
future job skills Is that, .essentially, machines will do It all. This view 
implies that many future tasks will be simplified as machines perform the 
majority of complex operations. 

The widely quoted thesis of Levin and Rumbe.rger (1983) is that: 

. . . the expansion of the lpi)est skilled jobs in the 
American economy will vastly / outstrip the' growth of 
high technology onee: and the proliferation of high 
technology industrieu and their products is far more 
likely to reduce the skill requirements of jobs in the 
^U.S. economy than to upgrade them. (p. 2) \ 

Levin and others note that, according to U.S. Department of Labor 
predictions » the largest employment incre^es in the i980s will be in 
low-skill Jobs such as Janitors, nurses' aides and orderlies, waitresses 
and waiters, and sales clerks. 

The nore-skill perspective. Most analysts disagree with the. above 
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perspective. For example^ the analysis of Leontief and Duchin <1984)o 

results in a nearly opposite conclusion* They developed an input-output 

* 

model of the U«S» economy using four different scenarios of computers and 
various forms of computer-based automation being progressively introduced 
into 89 individual industries. Their model details the probable effecfcs 
that these technological changers will have on outputis and inputs of all 



goods and services^ and in particular oa the demand for labor services in 
53 different' occupations* They find that 



The intensive use o|^ automation over the next twenty 
years • • • will involve a significant increase in 
professionals ^s a proportion of the labor forpie* and a 
steep decline in the relative number of clerical 

workers. (p» 1) ' • - 

• , / ■ 

Automation seems likely to affect clerical workers first and .perhaps 
most strongly. "It haej- been estii^ajted that' at least 30/ percent of- clerical 
jobs will be lost by 1990 as the impact; of .the word processor makes itself 
felt" (Farley, 1980). A 1978 report to the president of France projected 
that by 1990, 30-percent fewer workers wolild be needed to produce a given 
volume of work In the l,n8urance and banking industries (Fac^dis et'al., 
1982). 

■' , . . »^ 
The Education Commission of the' States in its report, The. Information 

Society; Are High School Graduates Ready ? (1982), agrees with the thesis 

that "by* examining the skills needed in tomgrrow^s labor force we' can 

better prepare workers for the changing conditions they will encounter" 

(p, 1). This report points Qut that other factors besides breakthroughs ill 

technology ^ factors such as "advances in new knowledge and increased 

education levels of the work force" --j are significantly related to 
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economic growth. It notes that occupational growth throughout the 1980s is 
projected to expand most rapidly in the higher-skilled, technical 
occupations: "Tomorrow's workprs will likely need improved skills in the 
selection and communicat4.on of information. Many of today skills 
considered to be of a 'higher ''^ level are the potential basic skills of 
tomorrow" (p. 1). According to the rpport, these skills include 
" evaluation and analysis skills , 

- critical thinking ' ' • 
problem-solving strategies 

organization and reference skills 

- .synthesis * 

- application 

- creativity ' - . • ^ 
^^decision-making given ii\comjj^lete information.^ 

- coniDunication iWills through a variety of modes, 
(p- 6) 

.A third view: transf oraatlon • 'Part of the reason for the 
discrepancies in" these , views of the future is th^t our society is in a 
period of transformation or^ paradigm 'shift, as characterized byi^ such 
writersas Toffler (1980) and Ferguson (1982). Toffler's view is that in 

» . - ,0 . . . _ 

the industrial age, the Workers" were trained to Iperform repetitive tasks 

requiring varying degrees of skill, whereas the thinkers", were educated to 

solve pi^oblems, make decisions, and manage workers and information. , If on6 

» 

imposes, or overlays, this industrial-age paradigm on our , increasingly 
technological , workplace, one seefi lowered skill requirements for the 
"workers.- A frequent ly-ti ted /^•mple is the claim that word processors 



reduce typists' skill requirements (automatic spelling checkers* automatic 

formating* etcO* An example of this kind of thlnkin^^y is reported by. 

Menosky (198A). , y • 

An alternative view wds characterized succinctly in High School: A 

Report on Secondary Education in America (Bo^er, 1983)* in discussing the 

tracking of students into ^'academic'' and ''nonacademic*V paths; 

. Students are divided between those who think and those 
who work* when* in fact* life for all of us is a blend 
of both* (p. 126) * 

If one applies this ''working and thinking'' paradigm to the claim that 
word processors lead to reduced skill requirements for typists* one arrives 
at a different conclusion. A "thinker" using word processor may be 
performing many operations and decisions that formerly were regarded as 
requiring higher order skills — operations such as planning the 
organization of document files* designing file ' templates for repetitive 
correspondence* writing procedures using variables* programming keyboard 
macros* developing procedures for inte^ating data files with documents* 
selecting appropriate typestyles and document formats* developing a library 
of standardized templates* and so^ fo^th* 

It appears that a *Vorker Versus thinker" paradigm has led such 
analysts as Levin and Rumberger t^ believe that computer*- based ""technologies 
will result in the need for. a le^s skilled workforce* These analysts refer 
back to the ways in which industrialization resulted in worker 
specialization and lowered skill requirements* and they imagine that the 
same trends will continue with computer-based automation. They do not take 
into account that computers can be used to extend the intellect* 
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thereby allowing people to be more creative and effective probleio- solvers 
while their computei;8 perforn the rote» repetitive' tasks # In this manner » 
a person can add value to the product or service involved^ thereby 
contributing to the productivity of the overall economy. 



32 



CONCLUSIONS AND RECOMMENDATIONS 

four Central Questions 

The following points summarize the main conclusions this paper draws 
about the four questions posed at the outset • 

What is coaputer literacy? • • • Definitions and r/bquirements for 
computer literacy have been changing and will continue to change for the 

foreseeable future* In general , definitions- and curricula have moved from 

■ ■ ■ V 

a focus on learning about computers, to using computers as tools and 
integrating the use of these tools into the regular curricula, to 
reassessing and restructuring basic curricula in light of computer-based 
methods of working* / 

How important is computer literacy la preparing students for the 
workplaces of the Information society? • • • The Importance of computer 
literacy depends on how that term is defined* Most (although not all) 
analysts *and futurists believe that for the United States to sustain ai 
productive » competitive economy in a highly automated, information-based 
society will- require workers with higher lev^s of problem-solving, 
decisionmaking, and communications skills than were needed in the 
industrial age* Thus, "computer literacy" eventually translates Into 
"information-handling, problem-solving" know-how* 

Learning when to use which computer-based tools, and using these tools 
in a productive manner, is more impartant than learning about technology* 
Elementary abilities to operate computers and use computer-related 

terminology can be expected in students entering vocational programs, due 

« 
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to au increased emphasis on computer literacy in elementary and junior high 
schools and to state-mandated computer literacy requirements for all 
students. . . 

What computer-related skills and knowledge are needed or will be 
needed? . • . In all three of the occupations examined Appendix A 
(secretarial, accounting, and drafting work) ^ the most obvioiui^ common need 
is the ability to learn to use new technologies in the changing workplace • 
From this standpoint, a training program cannot be directed simply toward 
rote memorization of a specific machine's or computer program's 
procedures a Instead, understanding concepts and functions and being able 
to apply them in a variety of contexts is essential • 

Improvements in computer-based work stations have increased their 
general utility^ A wider var:j,ety of computer-based tools for information 
analysis and communication is now available on low-cost work stations. 
This leads to less specialization in office occupations > and a greater 
degree of integration in data- ^nd inf ormation-proce*i8ing functions. 
Because computer-based technologies will continue to be improved and 
changed (rather than standardized), problems of file and machine 
incompatibilities will have to be dealt with by office workers. Again, 
this will require conceptual understanding and problem-solving skills. 

What needs to be done to sake vocational education programs more 
responsive to students* needs for computer literacy? . • • First, 
vocational education must find methods not only to respond to the changing 
workplace but to anticipate changes in it. As Appendix A points out, 
existing methods for providing job/ task inf.jrmation through task 

/ 
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Inventories are out-dated ^ and new methods must be Invented* Otherwise , 
vocational educators risk investing large amounts of time and money In 
developing curricula and operating programs that teach obsolete or 
low-priority skills and . concepts. As part of this^ vocational education 
institutions and programs must become: more flexible^ and their spending 
patterns must take into account the «need fbr a greater proportion of 
spending on program development as opposed to program maintenance* 

<^Secondy in developing and. reassessing curricula the focus should not 
be solely on behavioral definitions of tasks. Itistead^ there must be 
greater uhderstanding of the cognitive processes involved in handling 
information and solving problems on the Job* Task analyses thus should 
focus more on such Job aspects as problem-solvingy decisionmaking , and 
troubleshooting* 

Sunmary — Where Computer Literaicy in Vocational Education 
Should Be Heading 

Computer literacy must be headed toward a functional integration into 

vocational edHcation curricula and methods* If it is not, these curricula 

will become hopelessly out*of*date* Vocational education runs the risk 

that the traditionally separate computer-specialist curricula (e*g*y as 

described in Appendix B) will serve as a model for isolating 

compute r**related skills into separate courses* However , the increasing 

pressures placed on vocational education programs by Industry, the popular 

press, and parents '«and the rapid developments in appropriate software make 

4 

J* 

such isolation unlikely* 

It is possible that vocational educators who until now have not been 




involved in computing could "leapfrog" over the earlier » evolutionary 
stages of computet litetacy* '^hey could skip the ^computer as object of 
study" stage y move Immedlat.ely into the "computer as a tool of the learner" 
stage, and begin to redesign curricula to bring them in line with modern 
workplaces. Iii this process , computer-based tools and methods should be 
integrated Into- all subjects in the regular curriculum, Tather than being 
isolated as a iseparate subject of study. But this, of course, implies 
massive teacher reeducation. 
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APPENDIX A: 

COMPUTER LITERACY REQUIREMENTS 
IN THREE SAMPLE OCCUPATIONS 
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CAM COMPUTER tITEMCY VEQUIBEMEHTS BE BASED ON JOB/TASK INVENTORIES? 

4 

olt has been asi^umed by training developers that the design of 
effective vocational education and training programs must be founded 
on detailed and systematic analyses of the/ tasks to be performed 
during a job. But conducting empirical task studies is ''a costly 
undertaking, usually beyond the resources of an individual school. 
There fore 9 regional and national centers . and consortia have been 
established to provide job/task inventories and jpb<-^re levant 
catalogues of performance objectives » criterion-referenced measures » 
and performaace guides* 

In examining available ' job/task inventories in three sample 
occupations^ we have three purposes* These can be posed as 
questions: , . 

!• What are^the computer-related skills and knowledge needed by 
workers in different occupations? Job/ task inventories and 
catalogues of performance objectives should provide a 
systematic y comprehensive basis for answering this 
question* ^ . 

. t, ' 

2* What computer-related skills and knowledge are common across 
occupations, and therefore might be grouped together in 
**computer literacy" courses for vocational educational 
students? Again, the job/task inventories and catalogues 
should provide, a comprehensive basis for analysis* 

3* What information is available (o vocational curricula 
developers and teachers about the computer-related skills 
and knowledge needed by their students? We will attempt to 
assess the availability and usefulness of job/task 
inventories and catalogues from the standpoint* of those 
attempting to revise vocational curricula to. include, 
computer-related skills and knowledge* * 

Three Saaple Occupations: Their Selection end Inventory ^ 
Sources 

The COMTASK component of the 1 1/2-year project in. high 
technology education undertaken for the U.S. Department of Education 
by the Office for Research in High Technology Education at the 
University of Tennessee, Knoxvi lie, attempted to obtain all ^ the 
available job/task inventories in three occupatioi^al areas from a 
variety of research centers throughout the United States. COMTASK' s 
three occupational areas were as follows: 
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' Secretarial - Including such job titles as 'secretary, legal 
secretary, ^ord processing Administrative support secretary, 
executive Secretary, word processing correspondence, specialist^ 
otypist, and word processing specialist*, < 

O ' . . 

^ Accounting - Including ^uch job titles as accounting clerk, 

«> accounts payable, clerk^. acc6unts receivable ;Clerki billing 
61erk, credit clerk, procurement clerk, purchasing clerk, 
supervisor^! accQunting clerks bookkeeper^ and payjroll clerk* 

Drafting Including such job titles as architectural 
drafter, computer-assisted drafter, landscape drafter, 
mechanical drafter^ and engineering technician* 

^ A focus on the secretarial area is clearly justified, because it 
represents the largest enrollment ^in vocational education programs* 
Drafting was selected because it is being affected so radically by 
computer-aided design and drafting systems* Accourlting was selected 
because computer Applications in accounting date back to the 1930s 
and are older than computer applications in any ^ other occupational 
field* t 

To obtain available job/task inventories and catalogues in the 
three areas, COMTASK sent requests to the following organizations: 

- VocationaHTechnica)^ Education Consortium of States (V-TECS) 
, - Vocational Studies Center, University of Wisconsin-Madison 

- Michigan Occupational Data Analysis System (MODAS), Michigan 
State University * 

- Agriculture apd* Natural Resources Education Institute (ANREI), 
Michigan State University 

- Tennessee Valley Authority (""VA) 

-East Central Network for Curriculum Coordination, Sangamon' 
State University, Springfield^ Illinois. 

After several months, twelve job/task inventories were obtained* from 
th^se sources* . 

This paper has taken advantage of COMTASK* s work by using the 
same sample / occupational areas and inventories* However, the 
findings given below are our own* 



Findings 

Secretarial occupations * Recent inventories were obtained for 
the following job titles from the ^sources cited parenthetically: 

-'Secretary (Wayne State University, 1982) 

- Executive Secretary (University of Maryland, 1980a) 
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- Word Prociessing Correspondence Specialist (Univer^ty of 
Maryland, 1980b) \ \ 

" Word Processing Administrative Support Secretary (Univei^ity 

of Maryland, 1979) \ 
" Clerical-Secretarial (Wisconsin Vocational Stud'ies Centet^^ 
undated) ^ 

- Legal Secretary and Court Reporter (Keeton & Briscoe, 1976) 
" Word Processor (Tennessee Valley Authority, unpublished) 

Only two of these inventories the Word Processing 

Correspondence Specialist and the TVA unpubliahed job analyaia for 
Word Proceasora — reflect the uae of word proceaaora. Amazingly^ 
the inventory of 63 taska for "Uotd Proceaaing Admiiiiatrative Support 
Secretary** makea no mention of uaing word^-proceasing equipment. In a 
typical taak atatement» the aecretary usea a typewriter to type 
correapondence^ purchaae otder8» etc. None of the published 
inventoriea reviewed reflect the uae of data communicatiotia» database 
management ayatema» electronic apreadaheets» or other computer-baaed 
office automation equipment* 

Accounting occupationa l Three catalogues and task listf were 
obtained (Indiana State Univeraity, 1983; Alabama Diviaion of 
Vocational Education* 1978; Agriculture and Natural Reaourcea 
Education Inatitute* undated). However* theae were almoat totally 
lacking in computer*related taak statementa and would not provide a 
uaeful baaia for updating curricula to reflect computer*-baaed methods 
of bookkeeping and accounting. 

Approximately 300 taak statementa were included in the three 
job/tasW inventory and catalogue documenta reviewed. Nearly all of 
the task statements aaaume manual methods and toola for managing 
information (filing cabinets* ledgers* journal^* etc.) and they 
aasume that compqtationa will be performed with calculator a^ The 
moat recent catalogue (Indiana Stat^ University [ISU]* 1983) aaaumea 
all-manual methods of accounting* uaing computer ^printouta only for 
tasks sdch aa the following: 

Audit Accounta Payable/Receivable Computer Records. Given 
a computer printout; manual recorda* toola and equipment* 
audit accounta payable/rieceivable computer recorda. (ISU* 
1983) 

Since accounting was one of the earlieat^ computer applications in 
both government and induatry* it' ia aurpriaing to see a 1983 
accounting taak catalogue that aaaumea only paper-and-^pencil methoda 
of bookkeeping and accounting. 

• . ^ ■■ 

Drafting occupation s* Two brief task inventories wete obtained: 
one entitled "Architectural Draftsperson" and one entitled 
"Architectural Drawing/Blueprint Reading." However, neither of these 
reflects the use of computer-aided design and drafting tools. 
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Suoury Aasetsnent of Sample Job/Task Inventories 

From the stanflpoint of coinputer-*related tasks i skills, and 
knowledge, the inventories examined essentially were useless* Even 
job/ task Catalogues published as recently as 1983 had few or no 
computers-related tasks included* 

Nearly all of the secretarial job/task ' inventories ignored the 
use of word processors, not to mention other kinds of general** 
purpose computer programs appropriate to an office setting* The same 
was true of the bookkeeping and accounting inventories, even though 
accounting is one of thhe oldest computer applications* In drafting, 
few inventories were available* In those that were , computer-aided 
design and graphics programs were not mentioned. 

The one job/task listing that did identify several computer- 
related tasks (ANREI, undated) illustrates a major weakness found in 
the inventories reviewed: computer-related tasks were described 
almost solely in behavioral terms (e*g*, Manipulate switches, keys, 
and levers to create a program to control record format operations^O 
but the far more important (particularly for education and training) 
cognitive Components of the tasks were ' ignored* In reading the task 
lists, one gets the impression that the one thing workers don^t do is 
think * According to the task lists, they rarely make decisions, 
analyze information, solve problems, apply principles, make 
trade-off s> etc* 

Techniques for analyzing tasks for their cognitive components 
are in their infancy (e*g*. Bond et al*, 1984). At the least, ^ 
however, it would help in developing computer-related curricula if 
job/task analyses would state the task's, purposes or goals from the 
viewpoint of the task performer* Such information would be useful 
in grouping related tasks for instructional analysis atkd sequencing 
of instruction* For example, in word processing, statements such as 
embeds ccintrol characters into text strings" are less useful than 
statements about the underlying purpose of the operations* ' The 
embedding might' be done to specify or modify a document or page 
formats, to document procedures, to reorganize document content, etc* 
— but such purposes are accomplished through different behavioral 
\operations, and on different machines or (software* A person 
attempting to become computer literate needs to develop a cognitive 
framework to understand basic purposes and functions and to transfer 
these understandings across different machine environinents * 

At present, these job/task inventories take several years to 
prepare; tbey rely on survey responses from workers in representative 
firms* However, their methodologies apparently do not attempt to 
take into account (e*g*, by using job incumbents in cutting-edge 
industries or companies) the fact that jobs are changing. Thus, from 
our review it appears that the present system of creating and 
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updating job/task inventories is of little value in/ developing 
up-to-date curricula or even identifying the skills sm knowledge 
needed for computer-'related tasks in workplaces, that Mve, continual 
changing technological applications* 

COMPUTER LITEKACt KEQUIREMENTS IN THE THREE SAMPLE OCCUPATIONS 

i As indicated in the prior section » three sample occupational 
areas were delected for study here: secretarial, accountingp and 
drafting work. Thils section gives our assessment of compute^ 
literacy requirements in these three areas* 

Secretarial Occupations 

Secretarial training programs are among the most successful 
vocational educational programs, in terms of their employment results 
(National Institute of Education, 1981, p. 219). This justifies 
paying attention to the continual need for improvement in and 
modernization of vocational education secretarial programs. 

Office methods and systems for handling information are 
changing, due to continuing improvements and cost reductions in 
computer* and communications^based technologies* The relationships 
among the organizational groups and subsystems of even small 
businesses are being rethought, due to new technologies for 
gathering, organizing, storing, retrieving, and communicating 
information. This has major implications for secretarial 
occupations. 

Word processing . . Five or ten years ago, word-*processing 
machines cost tens of thousands of dollars an4 were thought to 
require "wbrd-^processing specialists'* to operate them. Now, word-* 
processing programs are available for $50 to $400, and they can be 
used with general-purpose desktop computers. A business person who 
pays relatively little for a word processor does not expect to have 
to hire or train a specialist to operate it. Rather, word processing 
is an everyday tool of anyone in an office who needs to produce 
written documents. Thus, one shouldn't need a specialized course of 
study to learn to use word processors. Rather, they should be a 
normal, everyday tool in the secretarial curriculum, just as using 
pencils, paper, and books are everyday tools. ^ 

• Information-handling systems . Even more isi^nif icant than the 
proliferation of word-processing capability in offices is the fact 
that a wide variety of data management], data processing, communis 
cations,, and other functions can easily be performed by non- 
specialists using the general-purpose computer that is the heart of 
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the modern office work station. This allows for greater integration 
of various informationhandling * functions than has been possirhle in 
the past. It also means continual changes in information-handling 
systems for the foreseeable future. (See D'Onofrio, 1983, for a 
discussion of this point.). ' 

^ This trend toward integrated work stations has many implications 
for computer literacy. First, this trend meaAa tfhat a nart;ow, 
specialized training in dedicated word-processor operations is 1^^8_ 
valuable in the job market than are general information-processing 
skills. Second, it meians that a secretary needs to be able to 
operate, new kinds of software. 'Communications, spreadsheets, data 
bases and accounting programs are ''becoming ias important as word- 
processing systems. And , third ^ one can therefore expect less, rather 
than more, specialization of* office jobs. 

• ♦ 

Secretal-ial ta&ks , COHTASK, as part- of it8 efforts to develop a 
new task inventory system, put together a list of tasks performed, by 
secretaries who use vord-'processing equipment. The following are 
some examples from this list; 

- Motivate operators to accept new equipment 
Demonstrate equipment use* 

^ Schedule maintenance of office equipment 
* Prepare user manuals < 

- Reviews and analyze new and revised procedures and 
implement necessary .changes 

- Recommend changes and « improvements to the system for 
beCter utilization of equipment 

- Control security of disks ' ^ ' 

- Control security of confidential informatio^i^ 

- Reprogram word^-procesaing machine. 
-.Determine which forms to use 

- Select typestyles to use for publications . 
**^Compos)B narrative summary^ of charts i graphs , numerical 
, projections I etc. 

- Arrange typed data in correct order for computer access 

- Create data files 

- Sort database records chronologically, alphabeticallyi 
or numerically 

- Conduct search of data base 

- Select and enter plotting commands for graphic display of 
data 

- Select program to ucle on computer (word processor) 
^ Establish telecommunication link 

- Monitor telecommunication transmission 

- Determine sources of machine or program malfunctions 

While these are just a few of the tasks from COMTASK's list, 
they suggest the diversity of tasks and equipment involved in today's 
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secretarial work, as well as some pf the analytic, probJLen-solving, 
and troub].eshooting skills required. • ' 

Comput^er literacy training in today's offices Fro© a survey of 
corporation!^ and small businesses (Wujik et^ al., I9fil3) TALMIS 
estimates th^at 43 percent ' of companies with ©6re than ^ employees 
provided computer literacy training for their office workers in 1983. 
Computer literacy training was expected to take place in 53 'percent 
of companies with more than 50 employees and 18 percent of smaller 
companies in 1984. (Wujik et al.,^ 1983, p. •5.,) By' 1987 the 
penetration of training is ^pected to be 86 percent in larger 
companies and 20 percent/ in .smaller ones. This type of training 
activity itf expected to peak j in 1986 or 1987 and then drop off 
(presumably because by then mojst workers will have had the training 
needed to make th^m* computer /literate) • In dollar figures, TALHIS 
estimates that _ companies with/ 50 or more employees will have spent 
approximately $400 trillion on the dejvelopment or pux^has'e of "computer . 
literacy training materiaU in 15)8^ land $625 million in 1984. 

The TALMIS study shm^thift secretarial and other office 
employees in the companies . surveyed' were be irig trained to use a wide 
variety of software on general-purpose' computers, including word 
processing, electronic spreadsheets, graphics, data base management, 
and computational programs. Executives and prpfessioq^ls* in the 
offices were receiying training in the name subjecC areas, but with 
less emphasis on word processing an^ more^on the other areafii. 

The need for higher level skills . According^ to nearly all of 
the analyses review.ed for this study, it appears that secretarial 
jobs will continue to require greater decisionmaking sJiillSi more 
analytic ability, .greater adaptability, and better skills in 
communications and interpersonal relations. In partial support of 
this, understanding the basic conce;>ts of systems analysis, data 
processing, and telecommunications* are seen as necessary (Hynek & 
Schluter, 1983; Patterson et al., 1982; D'Onofrio,'*1983) , A fairly, 
extreme version of this point of view was expressed, by Stewart 
(1979)t 

/ • ■ ■ ' . . . ■ 

^ The day niay not be 'too far off when secretsiial" jobs will 

««require a master's degree in business administration -and be 

regarded as an entry-level step in t% management . -. . there' 

will be more creative-type positions, few dog-work-type 

tasks, and th^e will be far more tasks, (p. 15) 

Learning to leaxn about computers • What, then, is the most 
impQrtant computer-related skill a person preparing to be a secretary 
could have? Clearly, one cannot points to anV S^Wen device^or program 
and say ''This is the kind of machine one must be tr^in^d to optfltate.'' 
Even the seeming^ly generic skill of keyboarding is suoi^^'^t \bb an 
overriding priority) in a world wh^rc voice Input, optical scan 




input, and direct compucer-to-computer data transfer could reduce 
keyboarding demands overnight. i 

The most powerful computer-related 'ability that a secretary 
could develop is the Ability to learn the capabilities, limitations, 
and operations of a particular computer-based system when the need 
arises. This concept, and its related attitude pf confidence, can be 
encouraged by an educational environment that expects students to 
learn how to learn. Fori example, students learning to operate an 
unfamiliar word-processing! progri^m would not be taught step-by-step 
operational procedures. lRather,\ they would be introduced to tfie 
.program's basic functions and would be given a user's manual and/or 
the oftlihe helps and program menus. They Would be asked to solve 
problems and accomplish tasks of progressive complexity. Students, 
working independently or in small groups, would then\ develop the 
confidence and skill to teach themselves how to use available 
information to solve new problems and accomplish new tasks. 

» 

Prerequisites to independent problem solving . Reading, writing, 
oral communications, procedural thinking, keyboarding, familiarity 
with the characteristics of electronic storage media, and a minimal 
computer-related vocabulary are prerequisite to success in 
independently learning how to solve problems and perform tasks using 
computer^-related skills* 

y 

Uaing applications programs . In the near future, secretarial 
students need to learn how to • use word-processing and associated 
spelling- and grammar-checking programs; electronic spreadsheets; 
data management programs; graphics programs; and communications 
programs* Since, these are constantly being improved, tudents must 
learn not only the . particular program's specifics but its ba^ic 
functions and its capabilities ancl limitations. 

Handling file incompatibility * The ways in which applications 
programs allow for integration of text, graphics, and data vary. 
This fact is especially significant to a secretary, who may be 
expected, for /example, to maint^^ a iiame-and-address file using a 
data management program and then to apply selected records from that 
file to a repetitive-letter mailing list using a word-s-processing 
program. 

For the next few years, incompatibility of files across 
different applications programs will continue to be a problem* Even 
within the world of word-processing programs, there are problems of 
file incompa^-ibility* Various professionals, managers, and others 
within an office may be using different word-processing programs, and 
a secretary may be caught in the middle — expected to edit, revise, 
or finalize documents written on different word-processing programs. 
Again, the secretary's ability to understand these programs' 
capabilities and limitations becomes important* 
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Learning ma ter ia 1 s > Fortunately for teachers and students 
in secretarial training programs, there are hundreds —.perhaps 
thousands —of books, interactive tutorials, and other learning aids 
commercially available to help teach the subjects discussed here. 
The IBM Guide to Learning (Hunter et al., 1984) reviews dozens of 
materials on each of these subjects. These are intended for IBN-PC 
users, but materials exist for most personal computers. The G uide to 
Learning also provides sample course syllabi for word processing, 
spreadsheets, graphics, database management, and communications. 



Accounting And Bookkeeping Occupations 

Low-cost microcomputers affect the way in which bookkeeping and 
accouviting . are performed in both large and small businesses. In 
large/ companies , microcomputers provide a direct interface between 
the Accountant or bookkeeper and the datft-processing center. In 
small businesses, conversion from manual to compu^terized accounting 
operations is rapidly taking place. 

The need for higher level skills. For bookkeepers and account- 
ing clerks, increased automation has fewer implications for computer- 
related skills than it does for accounting and bookkeeping methods 
and principles. Manual methods of accounting and bookkeeping 
required a much greater proportion of time spent on such clerical 
activities as postinp, data and performing computations. Automated 
methods involve a gr<:ater proportion of time to be spent on analysis 
and decisionmaking (Hynek and Schluter, 1983; Rose, 1981). 

Using computer-based programs . The obvioua way for students to 
learn computer-based accounting and bookkeeping methods is to use 
accounting software in their regular accounting courses. They can 
use either programs available for personal computers (see,\e.g., the 
programs listed in Rodenstein & Lambert, 1^83) or packages designed 
for instructional purposes (Allen & Klooster, 1982; PillVjury & 
Ripperger, 1982) • Since these programs are constantly being 
improved, ^it is important for students to learn not only the 
program's specifics but its basic function^. 

Prerequisite skills and knowledge . To use computer:-based 
accounting and recordkeeping programs effectively, students need 
skills in keyboarding and computer operation. Tl^ particular skills 
needed will depend primarily upon the features ^of the computer's 
operating system, but normally would include such activities as 
formatting disks, listing files on a disk, transferring files from 
one disk to another, copying and erasing files, and troubleshooting 
\ in commonly encountered problem situations. 

Basic concepts and Icnowledge about the capabilities, capacities, 
characteristics, and limitations of electronic storage media (di^iks, 
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tape, random access memory, etc) are important prerequisites as well. 
Protecting the security and integrity of financial and accounting 
data on magnetic media is a very critical aspect of any job involving 
manipulation of these data. ' 

Analyzing systems . Students planning to work in bookkeeping or 
accounting jobs need to be prepared for diverse and changing 
information-handling systems. One way to prepare is to develop a 
basic understanding of information-processing concepts and pro- 
cedures. This involves primarily a functional , understanding of the 
major steps in any processing cycle (source data, input, processing, 
output, communication, etc.) and the ways in which people, machines, 
and procedures interact to accomplish these steps. Such a conceptual 
understanding should enable the student to analyze the way in which 
any particular system operates. 

Drafting Occupations i , 

At least 30 jobs listed in the Dictionary of Occupational Titles 
have drafting skills as a major requirement. Job classifications are 
made aacording to the type of drafting, such as architectural or 
mechanical. Increasingly, drafters use . computer-based systems for 
various aspects of their work. The general term "computer-aided 
design" (CAD) is used to encompass a wid6 variety of such 
computer-based systems and functions. Thus, computer programs of 
varius kinds are added to the drafter's standard toolkit of 
triangles, scales, and compasses. 

Computer-aided design saves much time and can make an 
experienced CAD designer 5Q percent more productive (Abram et al., 
1983). The drafter is relieved of the need to hand-^draw and redraw 
and to perform tedious computations. 

Additional skill^ needed . According to Abram «t al. (1983), 
skill in the use of coi^uter-aided design and drafting tools must be 
built upon the traditional drafter's knowledge of and skills in 
principl^es of drawing, aesign standards, orthographic projection, 
descriptive geometry, andXdesign processes. These conventional 
drafting skills and knowledg^ include, for example, construction of 
sectional views, application ol measurement systems and dimensioning 
systems, construction of pictorial views, development of surface and 
plane intersections, use of drafting instruments, and use of 
orthographic third-angle projection in the construction of 
engineering drawings. \^ 

Use of computer-aided design an^ dri^<ting programs requires 
additional skills and knowledge, primatily inxjthe operation of the 
programs themselves. Entry-level job tasks Cpr computer-aided 
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drafters are listed by A^rams et al. (1983, p. 10) in four task 
levels: 



- Operate system — e.g., manage files. 

• Execute drawing assignment — e.g., change existing drawings; 
document designs. 

- Execute/x:hange detailed drawings e.g., set up drawing 

- format. 

- Compose , drawings ^ e.g., rotate views; scale views. 

Secondary^school programs and computer-aided drafting . The 
equipment and software needed for computer-aided drafting are now 
within means of some secondary schools. However, "it is uncertain 
whether the volume of classroom material and lab experiences that 
would have to be absorbed in an eiffective CAD. program could be 
mastered within the time available for an associate degree program." 
(Abrams et al., 1983, p. 9.) If this is the case, then the 
appropriateness of such programs to secondary schools is similarly 
questionable. . 

Using computer-based programs . While full-scale CAD systems 
thus may not be available or appropriate to vocational students, 
particularly at the secondaryschool level, there are relatively 
low-cost computer programs for microcomputers which could be used for 
learning some of the entry-level CAD tasks and skills. These 
computer-based drawing programs available for low-cost microcomputers 
would enable students to accomplish many more drawing assignments 
than they could by hand, and they could practice constructing 
sectional views, applying dimensioning systems, constructing details, 
etc. H9wever, these low-cost microcomputer programs and their 
associated input devices all have important limitations in terms of 
learning drafting, and they should be reviewed carefully. 

There are also computer-based Systems intended especially for 
teaching computer-aided drafting. An example is CADET (Computer 
Aided Draftifng for Educational Training), by ProConsul, Ltd. of 
Toronto, Ontirio. 

Shared Computer Literacy Meeds 

The secretarial, accounting, and drafting occupational groups 
share many computer literacy needs: the need to cope with changing 
office environments, the need for higher-level skills (although the 
specific principles may differ) , and the need to cope with problems 
of file incompatibilities across computer systems. Prerequisite 
skills in keyboarding and computer operation, handling of electronic 
media, managing files , and troubleshooting computer operations are 
common to all of them. Additionally, computer-aided drafting 
requires an understanding of complex software environments and 
complex data bases. 
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However, while it is possible to identify computer literacy 
requirements that apply across occupational groups at some level of 
abstraction, this does not necessarily mean that all these require- 
ments should all be addressed in one course that serves many 
curricula. The application and implementation of computer-related 
skills and knowledge is most easily understood in the context of the 
job task. « 
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THE JOB OF DiTA-^SilTRY OPEitATOR 

. ■ . - . I . ■ ; ■: - 

The importdnce of the data-entry function is well recognized and 
documented* , Since responsible, accurate entrV of data is crucial to 
the production of timely and corriect reports , tjfi^ data-entry operator 
plays an important role in the efficient operation of computer-based 
systems* With data entry and other computer equipment becoming 
increasingly sophisticated, it is important that data-ent<ry personnel 
have some formal training*' 

Duties 

* 

An entry-level posit io?^ for a data-entry operator may carry a 
variety of titles; therefore it is difficult to identify, specific 
duties* In general, according to The Association for Computing 
Machinery • s (ACM* s ) Recommendations and Guidelines for a Career 
Program in Data Entry Operations (Lee, 1981), a data-entry operator 
should be prepared to 

Operate ^ata-entry equipment to convert source data into 
coded form on* machine-readable media such as punched cards, 
paper tapes, magne^c tapes, cassettes, magnetic disks, or 
diskettes* * ^ 

Verify, in accordance with , instructions, the accuracy of 
data recorded visually and/or^mechanically* ' 

Monitor and/or operate related peripheral equipment (e*g*, a 
diskette-to-tape converter) to produce desired records* 

Prepare prescribed record formats and implement their use* 

Review and organize source documents in . preparation for 
procesfliing* 

Job Environment r 

The environment in which a data-entry operator works varies with 
the type of industry, geographic area, and other factors* Generally, 
the operator will work in a facility having either centralized or 
decentralized equipment* In a centralized configuration, all 
data-entry devices are in one location (usually close to the central 
processor)* A distributed configuration has devices ).ocated at 
different sites remote from the central processor* The environment 
in which the operator works may also include word-processing 
equipment* . '\ 



1* 



2* 



3* 



4* 
5* 
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The A(ai 0«ta Entry operations '^urriculum* 

The prim&ry purpose of this curriculum is to produce data-entry 
operators well prepared, to ^ill. entry-level positions , in local 
industries I and to provide them\vith sufficient background for career 
growth. This curriculum has ^eji designed to meet the following 
objectives: ^* ^ - ' 

K To provide technical skills necessary to qualify students 
for positions in the dat^ entry field. 

2. To develop an appreciation of' data entry as a career in 
itself. , • ' \ 

3. To provide a [b^se for continued development and education. 

4. : To improve performance and\*increase self-esteem. 

5. Tq develop the capability to function in a computer 
environment. \ ' 

THE JOB OF COMPUTER 0PERA70R 

..4 ' *■ 

The tasks of a computer operator in mainframe or mini environ- 
ments are also many and varied, , An operator's job contains many, hoti- 
techriical aspects , especially as the operator assumes more responsi- 
bility (Kirby, ;l.9Sl). Furthermore, the functions of an operator in a 
bmall organization will likely differ significantly f^ajm those 
^ working at large installations. However , in all cases the focal 
point is ^the operation of the computer ^nd its peripheral equipment. 

■ ■ . ' i 

Research here has shoifn that whi^ there are many different 

types of programs availablei most include the major components of an 
^ ACM curriculum model proposed in 1981 (^weeney et al., 1981). This 

model is primarily applicat^le for Idrge systems (mainframe or 
' interactive) and mini^ystemd. An important point to remember is that 

as corporations are using more personal i<:omi>uter8 » there are fewer 

openings ^'for computer operators. ; . 



Duties \ * 

Since computer-operations jobs vary greatly^ it is difficult to 
identify specific job-related duties. However, any person applying 
for an entry-level position as a computer Operator must be prepared 
to accept responsibilities such as the follc^wing: 

»^ 

^Specific details can be found in Lee et al.|- 1981. 
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!• Develop and maintain the knowledge necessary to efficiently 
operate and recognize malfunctions of the computer and its 
peripheral components. 

2« .Develop and maintain sufficient knowledge of operating 
^ystems to be able to understand and efficiently act on 
console messages, prepare job control changes within the job 
control environment y and operate efficiently with limited 
supervision in both single and multiple jobstream 
processing* 

3* Develop and jnaintain a knowledge of software uses/ runbbok 
specifications I and job . control statements that will 
facilitate efficient operatibn, 

4* Perform required assemblies, compiles , and tape and disk 
updates by using appropriate software. 

5. Maintain a set of files and supplies for easy access (o 
.minimize delay between production runs. 

6. When necessary operate either online or offline data-entry 
equipment. 



Job Environment 

Although many con figu^rat ions ^ of equipment exist, distinctions 
are most obvious between small and large systems. Small-system 
conf igurationjB typically, include a central processing unit (CPU), 
disk storage^ a diskette drive or card .reader, a diisplay station, and 
a printer, whereas ' large configurations typically include a CPU, 
direct-access devices (disk, etc. ) , sequential-mode-access devices 
(tape), a console, a card reader/punch, ' and a printer. Both 
configurations support multiprogramming capabilities, spooling and 
queuing, central or remote processing, and security devices to 
protect files and libraries. 

The duties of an operator in a ; small shop, where only a few. 
staff are available, may differ greatly from those in a large shop. 
The small shop operator is often required to perform a wider range of 
activities and thus needs to be versatile. The small-system operator 
needs: . 

operations skills 

- some data entry skillr^' 

- understanding of data control and scheduleing techniques 

- some understanding of systems analysis and design 

- ability to document 

- some understanding of business, systems, such as acco,unting« 
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The large--8y8.teia operator is more of a specialist » usually 
concentrating on one or a small group of functions such as the 
following: 

- console operations . ~ 

- peripheral equipment operations 

- support services 

- data control 

- scheduling 

- - data entry — ' 

' overseeing other personnel 

- documentation 

- data communications 

The ACM Computer Operations Curriculum* 

The-ultimate goal of. the proposed curriculum is to produce com- 
puter operators fully trained to meet^the needs of their communj.ties> 
fully prepared to adapt to changing technologies » and fully aware of 
their value to industry. To this end, "the compqter operations^ 
curriculum has been designed to meet the following objectivea: « 

To provide the technical skills necessary to qualify 
Students* for positions in the field of computer operations. 

To develop an inrdepth awareness and appreciation of 
computer i^perations as a professional career iif itself. 

To develop, the operator's capability to function in 
different computer environments. 

To proyide a broad base for continued development education. 

To provide for personal and social growth and the 
development of communication skills needed to function in a 
business environment. • 

Observations 

While there is speculation about the extent to which new job 
openings will continue to occur in these two areas (data-entry and 
computer operators), they are established fields that .have produced 
many graduates. Nationally recogni^^d curriculum models have been 
developed which are followed by many post-secondary vocational 
schools as we).l as junior colleges. It appears that job 



'^Specific -detr.ils about this curriculum can be found in Sweeney, 
1981. 

/ • 
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opportunities in these areas have leveled off that there will be a 
continuing need for datarentry and computer operators but that the 
demand has peaked. Therefore^ new programs would do well to 
concentrate on preparing students, for different specialized 
•computer-related occupations^ such \ as those discussed in the next 
section* .» , 

EMERGING OCCUPATIONS 

■ • . 

The most common majot change in the workplace' is the addition of 
computers and' attendant "industry-appropriate""^ technology. This h§s 
directly affected the expansion of information systems and the 
capability of int^factiiSg data processing and word processing. 
Electronic *mail» equipment miniaturization » and ^computer networking 
are gaining^ utility and momentum across industries. 

One *Iess obtrusive but equally dynamic (and s6on to be more 
common) ^change in the workplace is improved automation in telephone 
systems. "Telephone lines are already essential to |the concept of 
telecommunications. Electronic mail and teleconferencing are but two 
6f the more common manifestations of the new "telephone technology." 
Computer-^driven telephone-switching systems have ushered in a myriad 
of options with pushbutton equipment., and it is i^nticipated that 
shopping, banking, and interactive television will }fe ti^d to the 
telphone in^the near future (Crohn, 1983). ' - 

Implications from these scenarios make.it obvious that new roles^ 
for office people are being created and that datarentry clerks and 
pomputer operators as well as office workers and managers will 
function mxch differently — if they still ,have jobs. 

- f -. ■ 

Robotics, 'Computer Science, «nd Repair 

By 1990^ 8Qi,000 to 100,000 robots will be in use, according to 
Walter Wiesel, president of Robot Institute of ""America, a \ trade 
association, and PRAB Robots, a manufacturing firm (Education tiaily , 
1983). However, that prediction' can only be accurate if there \ is a 
Complete turnaround in U.S. economic trends, and if workers^are 
provided with massive retraining efforts to help them cope with \the 
new robot technology. ^ \^ 

Other figures are more conservative regarding the robc^t 
revolution. Allan Hunt of the Upjohn Institute predicts tfhat 30,000 
to 100,000 robots will be in use by the end of this decade (Education^ 
Daily , 1983). Hunt feels it is the unskilled and semiliterate 
workers who will experience the greatest job loss. ' He adds that 
32,000 to 64,000 new jobs will be created in robot manufacturing, 
supply, engineeringi and use. But he. also warns that over half the 
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jobs^ created by robotics will require two or more years of 
college-level training. Weisel agrees with Hunt's assessment of on 
the ambunt of training necessary for robotic technicians* He says 
the typical worker in this area will be a person who '^understands 
what tljie arm is supposed to operate like at the job site*'' 

Wl^ile community colleges are quick to begin providing the 
necessary training^ they may be overdoing it* Hunt says» 
"SpeciHcaUy» a continuation of the expansion of the last year or so 
in course offerings and enrollments in robotics technician programs 
on a national scale will very quickly swamp the ability of^ industry 
to absorb trained people" (Education Daily ^ 1983)^. 

According to Peggy Canada^ a Cox Cable Communications executive, 
secondary schools are not adapting quickly enough to this new /field* 
She sa^Sy "Robotics and smart machines are going to require chief 
maintenjance technicians who will replace wrenches with computer 
terminals and trouble shooting programs*" But she adds» "Where are 
the hi^h school courses to begin [to meet] this educational need?" 
( Education DailV t 1983). / 
j / 

Canada f calls for more math and science courses along with 
traditipnal skill training, to catch up to the training being offered 
and provided by industry* In the final analysis, where robotics is 
concerned, young people need good information on the future of the 
labor market so as to miike informed decisions about, the direction of 
their own- job training* 



Aaaessment of the Job Market ' 

For several years concerns have been voiced about the iacreasing 
supply of cQmputer operators and data-entry clerks from vpbational 
education programs and the dwindling number of available positions* 
Furthermore, , the people being employed are better educated and are 
filling* more skilled positions* (e*g*, more programmers and fewer 
operators)* For example, as far back as the late 19708 Hamblen 
(1980) noted that / \ 

A 1974 survey noted that the number of graduates from the 
post secondary vocational and associate level programs 
might soon exceed the number in the labor market* This 
report assumed that associate degree\ institutions t. aining 
students primarily for data entry, operators and clerical 
data prpcessing positions * X* 

And in this same collection of papers Alcorn (1980) stated that^ 

The makeup of the staff of the computer installation is 
changing toward a higher percentage of analysts and 
programmers, and a low6r percentage of operators, toward 



56 



66 



more full-time ,and less part-*time employees, and toward a 
slightly better educated staff. 

Schools that realized this attempted to shift their emphasis to 
**newer** computer-based jobs and away from heavy emphasis^ on 
computer-operator- and data-entry-level positions. Though they 
continued to offer these coursea (particularly at % the pqst-secondary 
vocational technical level) , many programs were expanding their 
vision (Rodenstein, 1983). 

While starting salaries for sy^ems analysts can go as high as ^ 
$600 per week, keypunch operators (ar»o known as data-entry clerks) 
are more likely to receive $227 per week for feeding data into those 
computers. John Dunn (1983), in writing about^ computer jobs, sa^s 

< Graduates of computer science programs at four*-year 
colleges have f^w problems finding employment. Those with 
master's degrees usually can take their '^ick of severs" job 
offers, and the few hundred, people who earn computer- 

* related doctorates every year can find many employers 
eagerly bidding* for their services. But many prospective 
programmers, technicians, systems analysts and ; computer 
. operators who have completed one- or two-year programs at 
the nation's community colleges and technical schools are 
finding they must scramble for work. 

Tom Nardone, an economist . with tk.^ Bureau of Labor Statistics 
adds, ywhat people in two-year programs are running into is a tight 
job market and competition 'from people in four-year programs" (Dunn, 
1983)^ Part of the problem is the large number of math, business, 
and eugineering graduates goi^g after the same computer-related jobs. 

As discussed in the text of this paper, it is clear that 
diff^erent views on how - the new technology will affect future job 
skills are emerging. The first view focuses on the machine as 
master; the machine will perform the majority ol complex tasks. 
Technology in the workplace will make work easier by reducing 
physical demands. Therefore, there will' be an increase in the number 
of jobs requiring minimal or low-level, skills o An example of this is 
the user-friendly computer. Many computers now, and more in the 
future, will be . voice-activated, eliminating many of the traditional 
keyboarding functions. Fewer* and simpler skills will be required to 
manipulate, technical machinery and equipment. 

The opposing view sees a decrease in the number of jobs 
requiring low-leyel skills; as machines fa^ecome more effi^cient and 
productive, they will eliminate many' low-level tasks. As a result, 
many workers witl heed to upgrade their skills to qualify for higher 
level, technical occupations/T^ In the future, there will be fewer 
well-paying, low-skilled manufacturing jobs left to divide among the 




many who are poorly prepared* Tnerefore, ••low-skilled afid 
undereducated^^ most likely means employed or just barely empT&yed. 



RecomnendBd Curriculum Sequence for Some Emerging Computer- 
Belated Occupations 

The following is a curriculum « sequence^ for post-^secondary 
students or adults who have been trained in the traditional drafting/ 
machine shop technology* Topics discussed are computer-aided 
drafting and design (CADD), computjsr-aided manufacturing (CAM), and 
robotic control systems (Grieco,> 1983). 

^ Computer-aided design and drafting (CADD) . This vocational 
splQnL^alizarion sequence is primarily for students who have acquired 
sufficient proficiency in conventional drafting methods through 
vocational training*'or work experience After having developed basic 
knowledge in mathematics ' and in the operation and programming of 
microcomputers, students will be -provided hands-on experience with 
iliicrocomputers and **associated peripherals such as digitizers and 
plotters in order to construct mechanical and schematic drawings on 
the display Screen, to create and maintain a drawing library, and to 
obtain hard copies — o£__the. drawings, including sections, 
subassembyties, and composite drawings. 

. » Computer-aided manufacturing (CAM) . There are three general 
classifications of computer numerical control (CNC) work activities 
in a machine shop* Qualifications for thes6 positions depend largely 
on (a)'ian individual's prior machine shop exj^Terience, (b) the mindset 
needed for writing and testing a computer program, and, finally, (c) 
lay-out and practical skills. in mathematics. The job classifications / 
are machine operator ^ CNC,programmer ,> * and des ignor / programmer . / 

The madhine operator is usually required to lo4d a prepared CNC ^ 
tape, to place stock in a torching that is already set up to perform • 
the needed operations, to select the mode to operate, ^and to shut or 
the machine when operations are complete. Traii^ing required to 
perform, this task includes descriptions of^ the control panel;, the 
function of the various controls needed to l)»ad, execute, and stop 
the program; and th^ machine. The operator must re*stock the machine 
and start the machine 6ycle again. 

\ ^ - 

Some machine shops employ people who are primarily programmers 
and o who have a good background in algebra, geometry, and 
trigonometry. ^ * . * ^ . 

The training required to make them productive in a CHC activity 
includes a detailed understanding of all controls and indicators. 
Some ^trainingj in the traditional non-CNC machining operations is 
necessary, so that a practical and useful program will be generated. 
In some instances this is an on-the-j<ib training activit.y. With a 
minimum knowledge of machine shop operations., u person could easily 
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learn the programming functions required to develop high skill and 
proficiency in operating a given machine. 

Expert machinists who are skilled in work set-up, machine 
operations, and mathematics up to trigonometry will require some 
specialized training to learn how to program the' machine. With 
sufficient hands-on time with the machine, they can readily become 
proficient in CNC machine programming and operations. 

For the experienced (traditional non-CNC machinist) or post- 
secondary student, the prerequisites for entering a CAM course should 
be blueprint reading and traditional machine shop ejcperience. The 
CAM specialization area will present numerically controlled work 
piece programming for computer-controlled milling and ^ turning 
machines. The students will acquire proficiency in menu-driven and 
"G" code programming, setting-up, operations, testing, and inspection 
of work pieces from blueprints. 

Robotics control systems . This specialization is\ appropriate 
for students with sufficient background in electronics and electronic 
equipment, including (a) electronic devices and circuits, (b) digital 
concepts and applications, and (c) programmable controllers. This 
specialization will provide learning experience in the construction, 
operation, and programming of various robotic devices. Included in 
the selection of these devices are the concepts of pneumatics, 
hydraulics, and stepper-motor actuation. Programmable controllers 
^nd microprocessors \onstitute part of the elements of a. number of 
robotic devices. 

Recommended curriculum sequence for vocational -technical high 
school students . For vocational-technical secondary students, a 
suggested course sequence is as follows: 



A, COMPREHENSIVE CADD AND CAM OPTIONS : 



(YEAR) 



(SUBJECT) 



Freshman & Sophomore 



1. BASIC MATHEMATICS 

2. DRAFTING TECHNOLOGY 

3. MACHINE SHOP TECHNOLOGY 



Junior 



1, TECHNICAL MATH I 

2. TECHNICAL MATH II 

3,. MICROCOMPUTERS AND PROGRAMMING 



Senior 



1. COMPUTER AIDED DRAFTING 

2. COMPUTER AIDED MANUFACTURING 
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B. ROBOTIC CONTROL SYSTEMS OPTION 



Freshman & Sophomore 



Junior 



Senior 



1. TECHNICAL MATHEMATICS I & II 

2 . ELECTRONICS -FUNDAMENTALS 

3. ELECTRONIC DEVICES & CIRCUITS 



1. DIGITAL ELECTRONICS 

2. MICROCOMPUTERS & PROGRAMMING 



1. MICROPROCESSORS 

2. ROBOTIC SYSTEMS AND CONTROLS 



Current core curriculum in cottputer^based vocational, education* ^ 



Many vocational educational t;eacheT8 We now incorporating 
the use of the microcomputer' into their classrooms. They 
are ^sing the computer not only as a tool for instruction - 
as n^^ny of their colleagues in Math, English, and Social 
Studies have begun to do - but as an important object of 
instruction as well. And in doing so, they are providing 
their students with computer literacy skills that apply to 
th^ students' chosen fields. (Rodenstein, 1973). 

In Detroit community colleges have had great difficulty 
p]iacing graduates of their two-year robotics programs 
because automakers have been giving short courses on that 
subject to factory hands^ ( Time . 1984) 

^ either high-technology industries nor high-technology 
occupations will supply many new jobs during the next 
iecade. ( Time . 1984) ^ 

attempted to assess this "expanded view" of vocational 
education programs by writing to over 30 people who have taught and 
worked in this area for many years* Among the questions raised were: 



We 



How d6 computer literacy needs in general differ from computer 
literacy needs in vocational education programs? 

- What training is (will be) offered for computer-^specialist 
jobs, aid what will these jobs be? (E.g., data-entry people, 
CAD^CAM \operators, architectural and mechanical technicians, 
etc.?) \ 

- What programs of this type currently exist, what is being done 
in these programs, and what data exist regarding the results 
of the prodgrams? 

- What are tne highest priority needR fot research, development, 
and dissemination? 

Though there were not A large number of responses, those who did 
respond seemed toA agree that the data-entry- level positions were 
still integral to secondary voc-ed computer-based programs and that a 
graduate from a twoVyear program would usually be prepared to be a 
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computer programmer trainee. and/ or a computer operator* Typical of 
the responses were 

• • • there are two-year Data Processing Programs offered 
through the Business Education departments in high schools/ 
vocational centers* At the completion of the first year, 
students ure able to obtain entry-Xevel skills as data 
entry operators* The first year of this program also 
includes computer literacy*. As the completion of the two** 
year prc^< am, students are able to obtain entry-level 
skills as prpgrammjer trainees and -computer operators* The 
three mast popular languages taught during the second year 
are BASIC, COBOL, and RPG* (Professors Anne L* Matthews 
and Patricia G* Mooky, State of South Carolina, Department 
of Education, personal correspondence, April, 1984) 

The questions you raise a group of us in this area are now 
studying with regard to the business data processing 
programs in the vocational-technical schools* Our best 
guess at this point is that graduates from high schools are 
not being hired for jobs above data entry clerk* Firms in 
our area are hiring their computer operators from the 
community college data processing programs* To my 
knowledge, the mechanical technicians are being trained at 
technical schools (private, ones).* 

As I am sure you realize, the field is changing so 
rapidly that everything in education in this^area is in a 
state of flux* Studies done four and five years ago are 
completely out of date* (Professor Adele Schrag, Temple 
University, College of Education, personal correspondence, 
April, 1984) 

^ In conclusion, I would like to add a personal observation 
on the area of vocational and technical product 
development: There have been no new technologies of any 
substance added to dhe traditional curricula in spite ot 
accelerating technical change within * recent history* In 
fact, the i(onverse appears to be true* As tect^nical 
development accelerates, the need for integrated or hybrid 
technologies appears to grow* , For examp],ei commonly 
accepted "high tech" curricula such as robotics is 
basically an integration of electronic and mechanical tech; 
while CAD/CAM operators must have a , firm grounding in 
drafting* The very importance of computers and allied 
digital technology had obviated its separatidh from 
technical curricula* (William W* Sprague, South-Western 
Publishing Company, Industrial Education, personal 
correspondence, April, 1984) 

Typical of the courses that are offered in school systems are 
those included in the program described by the material submitted by 
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the State of South Carolina, and one described in a recent article 
(Adams, 1984): 

An important program goal of the Indianapolis Public School 
District is to help students become computer literate 
beyond general computer awareness of programming and 
languages* ' 

OBSERVATIONS AND CONCLUSIONS 

■ ■ . * 

Based on this itiformation, ve deriveu the following 
'observations: 

1 ' ■ . 

(1) Many secondary a|6'' well as modt post-secondary vocational 
education programs include computers-related courses in their 
curricula* They include the following types: 

- A specific course to train computer operators and one to train 
data-entry clerks. These courses are disappearing slowly from 
the curricula since the job market is nearly saturated — • 
especialj.y for computer operators* 

. - Replacing these courses arie others , such as CAD/CAM operators^ 
robotics technicians , and computer programming in all shapes 
and. sizes, but primarily business-oriented — COBOL, RPG, ^tc* 
The market for students with a programming background has 
become much tighter, however , although ''specialist training*' 
programs still place their graduates without much problem* 

- There ,has been a mixture of computer awareness and computer 
fluency Qourses — basically due to a lack of equipment at 
pome schools ~ though now most programs provide^ hands-on 
experience (to varying degrees, but most now emphasize 
fluency)* * 

(2) Some vocational teachers are starting to include micros in 
their aormal modes of instruction* The computer is really seen as a 
necessary, if only because ubiquitous, tool for ntmerous vocational 
education career paths* 

f. 

(3) Vocational' education programs are in close touch with their 
local/regional business coimnunities and are attempting to meet the 
needs of the marketplace* They provide training and try to be 
responsive to th^ quickly changing fabe of the job market* Most of 
them work with adl^isory committees of local' business /labor government 
leaders to obtain regular input and keep abreast of fluctuations in 
staffing requirements* 

(4) Like othe*> computer-oriented programs, they especially 
suffer from a lack of qualified personnel to teach them the courses* 
Many post-secondary programs often find that the courses they have 



been teaching are also now outdated because students are coining into 
the programs having already learned the material in high school. 
**Getting closer to the equipment'* is a theme regularly heard in the 
hallways of these schools* 

(5) There is a trend toward more software/hardware interface 
problems now that most programs hiave microcomputers to work with 
(e«g«i for graphics design, industrial robotics, CAD/CAM| architec- 
tural .draft ing» etc«)« , 

(6) ' Many companies are retraining employees for traditionally 
%oic ed'' positions rather than hiring graduates ^ of vocational 
educatioTi programs (e«g« , in data entry and computer equipment)* 

Though the data are not clear, we feel that young people nf'ed to 
be^ prepared to face alternative working environments* The factory of 
the future wilL comprise merging technological component0 of today: 
flexible manufacturing systems, flexible manufacturing c^ls, robots, 
and computers* As the knowledge base continues to expdiid, the number 
of ' traditional jobs will Hecline and new jobs created will demand 
greater preparation and sophistication*^ 
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